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1. 


Background 


Th'- first pt'ogivoj report of the project was sent to 
R.tlXis in October 1987 In early December 19C7, we 
handed over to Inal li j detailed sketches of the water 

heatei including the bxlL of materials Twentyono black 

and white photographs of the completed system were also 
maiLed to Railis in the third week of December This 
final report provides confirmation of the simulation 
technique t ■ <x jt'.-m periorman.o, the perform nice at 

half hour intervals in llew Delhi >■ ri December 23, 1987 has 

been compared with pr> d l o 11 • >nc from our simulations 
The ag 1 me u t imi-jI -,+ eat with t lie compan.-wan made 
earlier wlUi the- , . f m p a t umari-'- of Uet,.-<bei b, 1987 
The maximum dissgr' omeut Dot "ion the predi' led and 
ob^er/el uotjr tempo ratuies is less than 2 ’c This 

gives us o* 'tit id' no:- that predictions of system 

d> i i irii'.uio’e in the* ->lh*r [ i v> ■•jq L ,_.; i _.r dauuwry lb are 
r- a s' wi .vb 1 e .and i * Lid D 


2. Construction details 

The ci >ns t ru'-1 ion del ails for the system, together with 
th<* bil l. 'j_t hi iter l a 1 arc provi led m Appendix I A3 

discussed with PalJij 'luring December, TERI has agreed 
to Son si cue o 1 it 3 rose archie re t ;> Bombay i at Ral lie’s 
o'-’st ) to pr'-'-ide '-‘D.'.,o guidance tor t abr l cation ot tlie 
first unit The masurium duration of stay iti Bombay for 
TERI’s researcher will not exceed ten days 
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Construction details and bill of materials for the 


dram-down stoiage tank are given m Appendix II In 
the tank fabricated at TEF.'J , re conducted experiments to 
ensure that overnight drop m temperature of stored 
water is acceptably small The observed results are 
given m Table 1 


Table 1 

Overnight Temperature Drop in Insulated Tank 


ate Initial Time ot Minimum Temperature Tune of {Tj-To)(lG) 

temperature filling the Ambient of water next measure- - 

of water tank (t p) Temperature morning merit next l T j_ - T m 1 (t o - t \ 


(Ti) 




t T m ) 

1 To) 

clay 

t tc) 



sc 40 2°C 

1, 37 

i - 

30 

hours 

10 1°C 

37 0 °rj 

11:31.1 

hem. s 

u 

no 4 

V-. fir, 2 '"’c 
f o 37 

0 

17 

30 

hours 

7 4°C 

6 J , 2 °n 

n on 

hours 

f) 

074 

ec h? 4“C 

2, 87 

17 

30 

hours 

7 <?°C 

or. 2 '-'c 

3 on 

hours 

u 

080 


It tppearn tli it tin 1 drop m water tempeiature trom 
an overnight storage <>t approxim!trsly lb hours is about 
U nf:6 times tiie difference m Lemperalu.ro between the 
initial water temperature art the nighttime minimum 
ambient tempeiature This appears entirely acceptable 
In fact, for warmer southern climates, lower levels of 
insulation and larger heat i:ss coefficients may be 
acceptable, thereby lowering tne storage tank costs 








3. Simulation of Thermal performance 

The predicted and observed thermal performance of the 
water heater is compared in Figure 1 The agreement is 
good 

The predicted mean water temperatures for six 
cities on January lb as a function of time are shown in 
Figures 2-7 For these simulations we have used 


radiation 

and elimotic dati 

avail jbJLe frmn 

standard 

handbooks 

( 11 Wo hav.; al so 

assumed 1 hat 11 l t 

supplied 

water temp* 

.‘lature u'luxLs the 

-unbi jrI 1 jmp-ratur 

o of that 


'i 11 v a t 9 a m 

4 Certification of the system by DNES 
A,., lnJi'Mh'J by h i L 1 1 L-* Till L , the iaM,oi will delivei 
an entire system ■: on si ^t Lag -at ti<o wab i' heat or j with 
supiort stands md iasui-i1"d hain-d'iwn storjoj laid; l j 
the ’Jolar Energy ''■uU\ <t DllEo foi tlior eeitil ic.it’ion 
r -L> u> j amm> 

TEFL will a! .i'‘> ml p nden+ly pursue with D11EC the* 
m.ilt'Si "1 ''hi iLiiun, lutsiely ipri'-U'n] L'ji r.O litr" 
systems 

An additional set ol 21 pintcgraphs of the system 
is enclosed 

References 

1 Ham, A , Ha ndbook ot Sola r Rad iation, Hew Delhi , 
Allied Publishers (1981) 
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Simulated Performance of tne TERI-RALLIS Solar 
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Simulated Performance of the TERI-RALLIS Solar 
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DRAWING 1 


ITEMS NOT SHOWN IN THIS SKETCH* 

Item No Description Shown in Drawing No 
5,6 Insulation 2 

TO C-Channel 2 

11 ~M Foil 2 

9 Al C- Channel 2 

13 Rubber beading 2 




drawing 


po 








(1) Glazing 1; 


1050 - 



2 mm Solar Grade Acrylic Sheet 
Commercial Name ; Acrypol-S 
(manuf. & mark, by GSFC, Vadodara) 
Size: 1050 x 1050 (mm) 
Transmittivity (q^) = 0.9 


It can be cut with sharpened tip of a 
broken piece of Hacksaw blade 



(2) Glazing 2: 


4 mm Glass (non-tempered, good make eg. 
"Triveni") 


105 0 



Transmittivity = 0.80 

Size: 1050 x 1050 (mm) 

It can be cut from a standard 6' x 4' 
sheet using diamond edged glass cutter. 






(3) Collector Cum Storage: 



It is made of M.S. Sheet 
of 20 Gauge. 


(A), (B), (C), (D) 

Sockets of 25 mm dia. velde 
to side faces at a distance 
of 35 mm from the edge of the 
box. Distance is from edge 
to centre of the socket. 


Sequence of manufacturing process: 
make M.S. tank first 

weld the 4 sockets of 25 mm dia. as shown above at positins 
(A), (B), (C) & (D) 

get the whole assembly hot dip galvanized 

paint the top surface of the tank with high quality (eg. "Nerolac") 
black board paint, after scrubbing it lightly with emery paper 




Used to support Collector-cum-storage (item 3) 
within outer tray (Item 7) as following: 

2 blocks on each side and bottom faces and 1 on 
top. These are nailed to the outer tray (Item 7) 
as shown in Sheets 1 & 2 


, (6) Insulation: There are 2 different layers of insulation on the 

side and bottom of the collector-cum-storage. 
Inner Insulation: 50 mm Resin-bonded Rock Wool ("Spintex") with 

(5) following properties: 

3 

Density (P) = 40 Kg/m 

Thermal Conductivity (K) * 0.0299 W/m.k 
2 

About 1.5 m of Spintex is required per water 
heater unit 

Outer Insulation: 50 mm Styrofoam ("Thermocol") with following 

(6) properties: 

Density (p) = 16 kg/ra^ 

Thermal Conductivity (K) = 0.025 w/m.k 
2 

About 1.5 m of styrofoam is required per water 
heater unit 

On sides, inner insulation is Resin-bonded Rock Wool (50 mm) and 
outer insulation is styrofoam ("Thermocole"), 50 mm. 


Wooden Blocks: 



V50 





7) Outer Tray: The complete assembly of collector-cum-storage 
is placed inside outer tray. It has 5 sides, 
T and it is made of 26 Gauge M.S. sheet 



It should be painted from the outside. 

4 Weep holes, at lowest edge, of dia. 4mm 

I), (10) Aluminium Angle; Size: IV (31.75 mm). Thickness = 2 mm 

about 9m of Aluminium angle is required 


r *m (10)is used to support the lower glazing 
ie. Glazing ( 2 ) (Item 2) 

It is bolted to the outer tray using 4 

bolts; on each side. Bolt size is 25 mm 

dia 3 mm 

Item (8) is used to frame and assemble the 
Glazing (1) (Item 1). It is screwed with 
outer tray using 4 selfthread screws on 
each side of length 25 mm dia 3 mm 




(9) C - Channel of Aluminium; 


H*— 32—H 



F 

30 

1 . 


About 4.25 m of Al. C-Channel is 
required for 1 water heater unit 
It is used to support the Glazing (1) 
ie. Item (1), Channel Wall thickness 2 mm 


P.S. : Rubber beading is provided wherever Item (8), (9), (10) are 

in contact with glazing material, it is done to protect the 
glazing and to provide better grip 

Rubber beading (13) is used on 4 surfaces as shown in 
Drawing 2. 


Al ANGLE 
RUBBER BEADING 
- GLAZING 1 




Al C 
CHANNEL 




RUBBER BEADING 
- GLAZING 2 


— RUBBER BEADING 
Al ANGLE 


(12), (15) / (16) : 12: nails used to fix wooden block to outer tray 

15: bolts used to fix Al. Angle 

16: selfthread screws used to fix C-Channel & 
Al. Angle together 




(11) Aluminium Foil ; One layer of Al. Foil is put on top £&ce of 

the side insulation, to prevent direct 
exposure of thermocole to sunlight, 

(14) Wooden Packing : It should be inserted between any empty space 

left out between Al. Angle and outer tray. 


(17) Gate Valve : It is put at the outlet pipe of the collector. 

Size is 1". 

(18) Outlet Pipe (Drainage) ; 

Size: Dia: 1" ID 
Length: 6" 

This is fitted to the socket (A) shown in drawing 
of Item (3) on page (4), other end of the pipe is fitted 
with the gate valve. 

(19) Pipe : dia: 1" ID 

Length: 6”; fitted to socket (D) shown in drawing of 
Item (3) on page (4). This pipe is a redundant pipe 
and is required only to facilitate the process of 
hot-dip galvanization and gives a better design struc¬ 
turally. It should be blocked permanently with the 
end cap. 




(20) Inlet Pipe; 


It is meant to pour water in the 
collector cum storage. 



Ad 


Q>=> NOZZLE 


(21) Air Vent cum Overflow; 



It is meant to be an air vent and an 
indicator of overflow. It consists 
of 4 components as shown in figure. 


(22) 4 mm dia holes to prevent water stagnating inside the unit 
in case of a water leaX. 








OVERNIGHT HOT WATER STORAGE TANK 

CAPACITY". 100 LITRES 












(1) Ou ter Tank : Made of G.I sheet (26 gauge) 
(Cylindrical) Dimensions are shown in sketch. 



(2) Insulation :it is Machine Stitched Rock Wool. 



(3) Insulation 

AYvYvYVY 


Polyurathene foam with following properties. 
Thermal Conductivity K = 0.016 W/m-K 

Density (P) = 32 Kg/m 


(4) Wooden Disk : It is used to support the inner tank and 

insulation outside the inner tank. It is 
a disk cut out of a commercial board (19 mm) 



(5) Lid (Cover) : To cover the entire tank. 


(6) Pipe & Inner Tank Coupline 




(7) INLET PIPE ASSEMBLY 

(.EXPLODED) 




1/2" ID PVC Cl COUPLING 


l"d SOCKET 



1/2 ID PVC PIPE 



>'id ci PiPEtwiTH threading 
AT BOTH ENOS) 

CHECKNUTS 
RUBBER GASKETS 


SI NT EX TANK surface 


I 


* 




(8) Air Vent-cum-overflow 



(9) Water Tank (100 ltrs) 



Supplier: Sinter Plast Containers 
(Sintex) 

Top lid is sealed with Araldite. 
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